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1. SUMMARY

The objective of this task of the Great Lakes/St. Lawrence
Seaway Regional Transportation Study was to determine lock system
performance problems and develop and evaluate comprehensive non-
structural and structural alternatives for increasing lock capa-
city. Capacity of a lock can be identified as the maximum
amount of cargo tonnage which may be transported through it in a
year. This objective was met by investigating the locking
process and the available data on lockage time components; inter-
viewing laker fleet operators, ocean fleet operators, and lock
operators regarding existing lock problems; and developing a
comprehensive list of capacity expansion alternatives with
engineering estimates of the associated performance improvements
and costs.

The investigation of the locking process and the available
data on lockage time components revealed that there are broad
differences in the concern over obtaining detailed lockage time
data at the three lock systems. Data collected at the Soo
Locks is quite limited, consisting only of an arrival time and a
departure time. The situation is the same at the Canadian St.
Lawrence River Locks where, again, only arrival and departure
times are recorded. One additional time, the enter time, is
recorded at the U.S. St. Lawrence River Locks. In sharp con-
trast to the situation at the Soo and St. Lawrence River Locks,
extensive lockage time component data has been collected at the
Welland in terms of nine times giving eight time increments.
More importantly, this Welland data has been analyzed and con-
densed into summary form. The Welland lockage time data there-
fore serves as a basis upon which to build estimates of lockage
time components for all three lock systems, with the resulting
total lockage time being determined from the data collected at
each lock system. Based upon an analysis of all available data,
engineering judgement, and interviews with lock operators, eight
lockage time components were estimated for each of the three
lock systems with variations due to vessel class and direction of
travel. These estimates are judged to be the best that can be
obtained on the basis of the data available. Substantially
higher confidence levels could only be realized after one or more
years of extensive data collection at the Soo and St. Lawrence
River Locks in a manner similar to that used at the Welland.
The confidence level in the Welland data could be further improved
only by additional years of data collection or the implementation
of a totally automated data collection system. Such a system
was under consideration for a period of time,_bit -is-no longer
being actively considered.
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Lakes fleet :.'erators would like to see larger locks, wider
and deeper channels, and a second Poe-sized lock at the Soo.
During peak operation, waiting lines of 20 to 30 vessels are
reported at the Soo, and waiting periods as long as 5 days re-
ported at the Welland. Lakes fleet operators feel that system
capacity could be increased substantially by increasing the
average load per transit. They feel the current system favors
the smaller, less efficient carrier since, in general, the cost
of locking ships is relatively independent of ship size. These
operators also feel that the Coast Guard should go beyond just
rendering assistance to vessels in distress during season exten-
sion to maintaining open channels with icebreaker operations.

Ocean fleet operators cite draft restrictions as the
principal GL/SLS problem. The requirement for pilots is also
cited as causing delays and unnesessary expense. International
shippers report waiting lines of 15 to 20 ships at the Welland
during peak periods.

Alternatives for increasing lock capacity were categorized
in six groups according to capacity expansion objective. These
are summarized as:

" Reduce time per lockage

" Increase ship capacity

" Increase tonnage per lockage

" Season extension

• Construct replicate locks

- Other.

In each category, one or more methods of accomplishing the general
capacity expansion objective are outlined. A preliminary
screening of possible capacity expansion alternatives is thus
made and the remaining alternative methods are considered fur-
ther. Each method is then analyzed and engineering estimates
of the expected performance improvement and the cost of the
improvement are made.

1-2



2. INTRODUCTION

The Great Lakes/St. Lawrence Seaway System (GL/SLS) pro-
vides a shipping link between the deep water of the Atlantic
Ocean and ports 2400 miles inland on the American continent.
This includes 1000 statute miles down the St. Lawrence River,
1350 miles over the Great Lakes, and 400 miles in connecting
channels. In that distance there are sixteen sets of locks that
lift ships from sea level to an elevation of 600 ft in Lake
Superior. Figure 1 is a schematic cross-section of the GL/SLS
system. Figure 2 shows the area covered by the system.

The capacity of any navigation system including the Great
Lakes/St. Lawrence Seaway System is determined by the system's
limiting or constraining element; the element which has the
slowest processing time. In very general terms, the GL/SLS
system can be thought of as a series of locks, connecting channels,
and harbors. The complexity inherent in the three lock systems,
the five connecting channels, and over forty harbors becomes
even more significant when the numerous trade routes between
the various harbors for inland traffic and for the ocean trade
are also considered. Generally, for navigation systems equipped
with locks, the traffic capacity defined either in terms of
annual tonnage or annual vessel transits is constrained by the
locks. Prior capacity studies of the GL/SLS system have indeed
shown the locks to be the constraining element of this system.
As the annual tonnage shipped on the GL/SLS navigation system
continues to increase in the future, the demand for service at
the locks will increase accordingly, and as the capacity limits
of the system are approached vessels will begin to experience
long waiting times and long vessel queues at the locks. The
resulting inability of the system to effectively service its
customers would obviously be reflected in a decrease in the
popularity and use of the system, with an adverse impact on the
economic growth of the entire nineteen state region served by
the system. Forecasted cargos which exceed the existing capa-
city would be forced to seek alternate means of transport to
satisfy regional requirements.

Any transportation system interested in serving its cus-
tomers over the long term must plan to provide an expanded capa-
city when the need for such capacity is required by the system's
users. For a simple system having one major constraining com-
ponent, the removal of the constraint at that one point removes
the system constraint. For a more complex system, such as the
GL/SLS navigation system, the multiplicity of locks, connecting
channels, and harbors presents a more challenging assignment to

2-1
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the planners addressing the removal of system capacity con-
straints over the long term. An analysis of the entire system is
required to ensure that removal of a constraint at one feature
or location does not simply result in movement of the constraint
to another feature or location with relatively little, if any,
improvement in overall system capacity.

With such considerations in mind, the North Central
Division of the U.S. Army Corps of Engineers initiated a study
entitled, "Great Lakes/St. Lawrence Seaway Regional Transporta-
tion Studies", having as its primary objective the development
of a sound documented working tool for use in analyzing GL/SLS
regional transportation improvement alternatives. This report
documents the work of Task 7 of this program, the objective of
which is to determine lock system performance problems, and
develop and evaluate in a preliminary screening manner compre-
hensive non-structural and structural alternatives for increasing
lock capacity through the year 2050. The approach specified in
the scope of work for meeting this objective starts with an
investigation of the locking process, followed by an analysis of
available data on lock processing time components. Based on
interviews with U.S. and Canadian ship owners and lock opera-
tors, problems currently being experienced at the locks were then
identified. The final subtask consisted of the development of a
comprehensive listing of non-structural and structural alter-
natives for increasing lock capacity. This work also included
the development of estimates of performance improvement and cost
for each of the alternatives.

The following sections of this report are organized in the
same sequence as suggested by the scope of work in the ordering
of the subtasks. The results of this work will apply directly
to the work of Task 8, in which a lock capacity model will be
used in an iterative manner to determine the total mix of
improvements required to meet GL/SLS demand through the year
2050.
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3. DESCRIPTION OF THE LOCKING PROCESS

3.1 An Overview of the Locking Process

Locks were placed on the Great Lakes/St. Lawrence Seaway
System to allow passageof vessels where the natural conditions
of rapids and water falls made navigation impossible. The locks
allow navigation through the waterways while maintaining rela-
tively large differences in water level between the upstream and
downstream sides of the lock. The locks also allow for the
installation and operation of several hydroelectric power gen-
erating stations without preventing vessel use of the System.

Vessels using the locks on the GL/SLS System range in
type and size from pleasure craft as small as 20 ft long to ocean
and lake carriers 730 ft long and 76 ft wide in the St. Lawrence
River and Welland Canal Locks, up to lake carriers 1,000 ft long
and 105 ft wide at the Soo Locks. The details of the locking
process will vary depending on the type and size of the vessel,
weather conditions and lockage demand, and on the individual
lock characteristics. However, the general locking process is
always the same.

A basic lock operating cycle is illustrated in Figure 3.
When a vessel reaches a lock approach, it will either be told
by the lockmaster to proceed into the lock or it will moor
alongside the approach wall until permission is received to
enter the lock. The vessel must wait if the lock is occupied,
if the lock is being recycled (turn back), or if there are other
vessels waiting first.

After being given the go-ahead, the vessel will proceed
into the lock at a very slow rate of speed as instructed by
the lockmaster, and as dictated by the locking procedures for
that particular lock. When the vessel has entered the lock, it
will be moored. One or more vessels may be brought into the lock
if the vessel sizes permit a tandem or multiple vessel lockage.
Once the vessel(s) are in place, the rearward gates of the lock
will be closed. The required valves will be opened and the
chamber will be emptied (dumped) or filled depending on whether
the vessel(s) are transiting from higher to lower, or lower to
higher water. This process is called chambering. When the new
water level has been reached, the forward gates will be opened,
the mooring lines will be cast off, and the vessel(s) will pro-

jceed out of the lock.

3
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STEP 1; VESSEL ENTERING THE LOCK

,UPPER GATE CLOSED ,LOWER GATE OPEN4

or~--y: u o LOSE

INTAKE VALVE DISCHARGE VALVE

STEP 2; FILLING OF THE LOCK

r UPPER GATE CLOSED LOWER GATE CLOSED

INTAKE VALVE ZPORTS 'DISCHARGE VAE EXAUST
OPEN CLOSED MANIFOLDS

4 STEP 3; VESSEL LEAVING THE LOCK

,-UPPER GATE OPEN LOWER GATE CLOSED

INTAKE VALVE DISCHARGE VALVE
OPEN CLOSED

FIGURE 3 BASIC LOCKING PROCESS
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3.2 Factors Affecting the Locking Process

The time required to process a vessel through a lock (lock-
ing time) can be broken down into a snall or large number of
components. One of the more elementary breakdowns consists of
three components as follows:

Entrance Time - Time from vessel arrival to
vessel mooring inside the lock;

Chambering Time - Time required to close the rear-
ward gate, empty or fill the lock,
and open the forward gates;

Exit Time - Time from completion of chambering
until the lock is ready to accept
another vessel.

The length of the locking time is dependent upon individual
lock characteristics, vessel characteristics, the preceding lock
cycle, weather conditions, level of traffic, and equipment fail-
ures. Improper positioning of the vessel to be locked next would
cause additional delays.

The lock characteristics mainly affect chambering time.
Gate opening and closing times are basically functions of the
operating machinery. Dump/fill times are functions of the size
of the chamber and the lock culverts. In general, differences
in chambering time because of differences between lock designs
are negligible. However, during extended season operations,
lock designs can affect lock chambering times.

Vessel characteristics will not affect dump/fill times
because the amount of water which must be moved into or out of
the lock is independent of vessel size. Large vessels, espe-
cially those approaching maximum vessel size for the lock,
will increase entrance and exit times. The larger ships must
move slower and will require extra maneuvering time in order to
safely enter and exit the lock and clear other vessels. Specific
vessel classes may require special handling procedures.

During periods of equal amounts of upbound and downbound
traffic, vessels can be locked "on the fly". That is to say,
vessels are locked in alternate upbound and downbound directions,
eliminating the need for turnback lockages. When traffic is
primarily in one direction, turn-back lockages are required.
After a vessel is locked through, the gates must be turned back
and the lock must be emptied or filled so that the next vessel

may be taken from the same direction.

3-3
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Adverse weather conditions may increase locking times or
cause shutdown of the locks altogether. During early or late
season operations, large accumulations of ice in the lock and
lock throat may require separate ice lockages. Fog may cause
lock shutdown because of visibility problems. High winds may
make vessels with large broadside areas unmanageable, causing
them to be temporarily prohibited from using the lock.

Maintenance schedules have been arranged to minimize their
impact on locking times; however, temporary delays may still
occur because of equipment failure. The rate of these failures
may increase when the navigation season is extended into winter
operations.

3.3 Locking Procedures at the Soo Locks

The Soo Locks consist of five parallel locks: Poe,
MacArthur, Sabin, Davis, and Canadian. The MacArthur Lock
handles most loaded ships up to 730 ft long (767 ft with special
locking procedures) and 75 ft wide. The Sabin and Davis Locks
handle most ballasted ships up to 826 ft long and 75 ft wide.
The Poe Lock handles any ship which cannot fit in the Sabin,
Davis, or MacArthur Locks, up to the maximum size of 1,000 ft
long and 105 ft wide, and any smaller vessel on a first-come,
first-serve basis. The Canadian Lock handles the majority of
the pleasure craft and small vessels with shallow drafts.

Each lock has its own pier which can accommodate several
ships in a queue. Signal lights, operated by the lockmaster,
control the flow of traffic at the Soo Locks. As vessels
approach the correct lock based on the lock use criteria stated
above, they are directed by means of the signal lights and radio
communication. Vessels stop at approach points indicated by
signs on the approach piers until they are authorized to proceed
into the lock or to the next approach point. Vessel speed limits
are 2.5 mph while approaching the canal and lock, and 6 mph while
exiting the canal and lock.

Whenever possible, on the fly lockages are performed.
However, cargo flows through the Soo are highly one-directional
from Lake Superior. Since different locks are used for ballasted
and loaded traffic, this policy cannot be adhered to much of the
time.

The Soo Locks, more than any other lock on the GL/SLS Sys-
tem, operate under extended winter navigation season conditions.

3
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Ice control equipment is in use; however, ice lockages are
sometimes required to clear ice from the upstream approaches.

3.4 Locking Procedures at the Welland Canal Locks

The Welland Canal consists of eight locks in a series,
all with capacities to handle ships up to 730 ft long and 76 ft
wide. No separate facilities exist for pleasure craft at the
Welland Canal.

Each lock has approach walls with up to three limit-of-
approach signs on each to indicate mooring locations for vessels
waiting to enter the lock. The vessels receive proceed or wait
instructions by means of signal lights mounted on the limit-of-
approach signs. In addition to these limit-of-approach lights,
there is a panel of signal lights at each lock which gives the
exact status of the lock and the time left before it will be
available to the next ship.

A central control area with closed circuit television,
display boards, and a communications network is used at the
Welland Canal to aid in controlling the movement of traffic
through the Canal. This system was installed in the mid-1960's
ano resulted in an increase in Welland Canal capacity.

Locks A, 5, and 6 at Welland are flight locks. Once a
ship enters the three lock system, it must transit all three
locks before the next ship may enter. These locks are twinned,
however, permitting parallel traffic. Large ships in these
three locks are instructed by means of a portable radio telephone
which is placed onboard each ship over 625 ft in length.

Lock 8 in the Welland Canal is a guard lock. When water
level conditions permit, a walk-through procedure is used. The
ship does not moor inside the lock. Rather the vessel will pro-
ceed through the lock under its own power with its mooring lines
carried by lock personnel.

Large ships with a wet cross-sectional area greater than
1,600 ft2 , heading downbound through Locks 1, 2, 3, 7, and 8, may
receive longitudinal hydraulic assistance during lock exit.
This feature increases ship speed out of the lock and reduces
locking time. Smaller, upbound ships entering Locks 1, 3, and 7
may be aided by lateral hydraulic assistance or the prefill
operation. Single lockage ships with beams less than 66 ft may
receive lateral hydraulic assist, and single lockage ships less
than 650 ft long may receive the prefill operation. These

3-5



features reduce lock entry time. Ships less than 590 ft in
length moving through Locks 1, 2, 3, and 7 may receive the
predump operation to reduce the lock dumping time. None of
these aforementioned features may be used with pleasure craft.

3.5 Locking Procedures at the St. Lawrence River Locks

The St. Lawrence River Locks are a series of seven locks
extending from Montreal to Lake Ontario, all with capacity to
handle ships 730 ft long and 76 ft wide. Five locks, the St.
Lambert, Cote Ste. Catherine, Lower Beauharnois, Upper Beauhar-
nois, and Iroquois, are operated by Canada and two locks, the
Snell and Eisenhower, are operated by the United States. None
of the locks have separate facilities for pleasure craft.

The Canadian operated locks in the St. Lawrence River are
operated in the same manner as the Welland Canal Locks. The
Iroquois Lock is a guard lock similar to Welland Lock 8. The
walk-through procedure is used at the Iroquois Lock whenever
possible. The other four Canadian operated locks are lift locks.
None of the special locking time reduction features are available
at these locks. Radio controls have not been implementeu, and
the ships are directed by means of the same signal light system
as is used at the Welland Canal.

The United States operated locks both have approach walls
with two limit-of-approach signs on each to indicate waiting
positions for vessels preparing to enter the lock. There -re
eight berthing stations along the approach wall at which waiting
ships can moor. Vessels with beams less than 50 ft must tie up
behind the limit-of-approach signal which is located at Berth B-3.
Vessels with beams less than 75 ft must tie up behind limit-of-
approach sign 2 which is located at Berth B-5.

Traffic at each United States Lock is controlled by means
of a single panel of signal lights for each direction. The lights
indicate either the lock is not ready, the lock is being pre-
pared, or the lock is ready and the ship can proceed into the
lock. Mooring lines at the tie-up walls are handled by lock
personnel at all of the St. Lawrence River Locks. No special
locking time reduction features are available at the Snell andI

' Eisenhower Locks.

3-
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4. ANALYSIS OF LOCKING TIME DATA

4.1 Introduction

The overall purpose of this section of the report is to
present an analysis of the locking time data which is available,
and recommendations regarding the locking time data base to be
used in the remainder of this study for the SO0, WELLAND CANAL,
and ST. LAWRENCE RIVER Locks. Before proceeding with that pre-
sentation, brief introductory comments are presented on the
importance of having accurate and complete locking time data
available for studies of system capacity.

From the standpoint of lock capacity, which is the purpose
of this study, accurate locking time data provides the only tool
available for assessing the lock capacity in terms of vessel
transits and/or cargo tonnage throughput, both for the current
system and for the various lock improvement scenarios. The locks
provide a service to the shippers and, in a very real sense, that
service can be measured in terms of the time the lock is devoted
to processing a particular vessel. As a result, the method of
increasing lock capacity without major structural modifications
or new locks is to reduce the lock service time required to
process a ship through the lock. To accurately assess the in-
crease in lock capacity expected to be obtained through the pro-
posed improvements, one must have an accurate breakdown of the
total lock service time in terms of individual components. One
can use this information to assess where the biggest benefits
of increased capacity can be derived by reducing individual
locking time components. For example, if the gate opening and
closing times are 2 minutes each of a total lock service time of
40 minutes, the gate opening and closing comprise only 10% of
the total time. If proposed lock improvements could reduce the
gate opening and closlig times by 50%, the total locking time
would be reduced to 38 minutes or 5%. On the other hand, if
proposed lock improvements could reduce the entrance and exit
time by 50%, from 30 minutes to 15 minutes, the total locking
time would be reduced to 25 minutes or almost 40%. In terms of
capacity, one can estimate as a first approximation the increase
in capacity as being proportional to the reduction in locking
time. Thus, for these two examples, the increases in capacity
would be 5% and 38% respectively. If the cost of these improve-

ments were the same, the greater benefit in terms of capacity
3 and reduced locking time would be gained by funding the improve-

ment aimed at reducing the lock entrance and exit times rather
than the gate opening and closing times. Without a reasonably
accurate breakdown of locking time components, potential benefits
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in terms of additional lock capacity due to improving the system
performance, can only be assessed in an overall qualitative
manner rather than a specific quantitative manner.

With this brief introduction, the following two sections
of this report are directed towards discussing the present status
of locking time data for the SOO, WELLAND CANAL, and ST. LAWRENCE
RIVER Locks, and a recommended locking time data base for each
lock for use in the remainder of the study.

4.2 Existing Locking Time Data Base

The purpose of this section of the report is to present
the current status of locking time data as it is currently
collected at the SO0, WELLAND CANAL, and ST. LAWRENCE RIVER Locks.
In discussing the current status, the idealized goal would be to
present reams of detailed locking data for each lock system which
could then be thoroughly analyzed. However, the truth is that,
with the exception of the Welland Canal, this is not the case.

Currently, existing lockage time data is available in two
forms: raw, uncut data in the form of lock transit records or
original observation data and analyzed data developed from the
raw data. When collecting any type of raw data, such as locking
time data, three questions arise: What type of data should be
collected? When should the data be collected? and How much
data should be collected? Ideally, locking time data should be
collected for each locking time component outlined in the next
section of the report and cataloged as to vessel class, direction,
and cargo carried. In order to answer the second question, the
data should be collected in the warmer peak traffic months since
the GL/SLS System does not operate on a year-round basis, and capa-
city, if it occurs, will occur during the peak normal season
months. Finally, the answer to the third question can be an
expensive proposition. In order to develop a statistically
significant data base, at least one full season of data collec-
tion is required. In fact, at the Welland Canal where they have
over a year of detailed data collection, they believe that
additional data are required. For the long term, a systematic
data collection procedure should be instituted to obtain a large
enough data base under various operational procedures, traffic
levels, and patterns to allow detailed investigation of capacity
improvement alternatives.

In summary, the current status of locking time data for
the SOO, WELLAND CANAL, and ST. LAWRENCE RIVER Locks is as follows:
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SOO Locks: As can be seen from the record shown in
Figure 4, the data available from the SOO Locks are limited,
consisting of an arrival time and a departure time only for
each vessel. These times correspond to bow over the entrance
sill and stern over exit sill. Therefore, the two components
of approach time and exit time are not recorded.

ST. LAWRENCE RIVER Locks: For the ST. LAWRENCE RIVER
Locks, the situation is much the same as the SOO as can be
seen in Figures 5 and 6. The Canadian lock operators document
arrival time and departure time, while the American lock opera-
tors at the Snell and Eisenhower locks document arrival time,
enter time, and departure time. This is somewhat more helpful
but is still incomplete for a thorough locking time analysis.

WELLAND CANAL Locks: The situation at the WELLAND CANAL
is very different from the SOO and ST. LAWRENCE RIVER. Figures
7 through 9 are analysis summaries developed by the SLSA from
the data base collected for the Welland Canal Lock model. These
summaries are extensive and can answer most questions about
locking times for the Welland Canal Locks.

4.3 Recommended Locking Time Data Base

In general terms, the lock service time (t9.) for normal
season operations can be expressed as:

t z tapproach + tentry + tprocess + tchamber exit +

tthroat exit

where

tprocess = tgate closing + tsecuring + tdump/fill +

gate opening +tunsecuring

and

t= time required to lock a ship (min)

t a c time for a ship to move from clear point to point
where bow is over entrance sill (min)

t = time from point of bow over sill to point where
entrance gates can close (min)

t = time for entrance gates to close (min)gate closing

4-3
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securi ng time for a ship to secure (min)

tdump/fill = time for a lock to dump or fill (min)

tgate opening = time for exit gates to open (min)

tunsecuring = time for a ship to unsecure (min)

tchamber exit = time for stern of ship to pass over exit sill
(min)

tthroat exit = time for ship to move from its stern over sill
to when the ship has passed the exit clear point
and another ship can begin the locking process
from the other direction.

As discussed in the previous section, one would like to
have reams of data for the above locking time components which
would then be analyzed to determine a mean frequency distribu-
tion for each component. In reality, this data does not exist
for any system other than the WELLAND CANAL. In order to obtain
the required time component data for each of the lock systems,
the following approach was taken.

WELLAND CANAL Locks: The St. Lawrence Seaway Authority
(SLSA) has done a significant amount of lock record analysis
to generate mean locking times and the associated standard
deviations by vessel class and direction. The results of that
analysis for one full year of lock records is presented in
Tables 1 and 2. Based on conversations with SLSA personnel, the
comment was made several times that while this was the best
data available, they felt they needed more than a full year of
data to have a statistically significant data base. In summary,
based on their analysis, Lock 7 was found to be the most con-
straining lock in terms of locking time, while Locks 1, 2, and 3
had almost the same locking time (approximately 5 to 7 minutes
less than that at Lock 7), and the total locking time at the
flight locks (Lock 4, 5, 6) was approximately 30 to 35 minutes
depending on the ship class.

ST. LAWRENCE RIVER Locks: At the St. Lawrence River
Locks, as discussed in the previous section, data on locking
times are not as complete and detailed as those available for
the Welland Canal. Following the recommendation of the SLSA and
SLSDC personnel, the locking times of the St. Lawrence River
Locks are assumed to be the same as those of the nonconstraining
locks (Lock 1, 2, 3) in the Welland Canal. A summary of the
locking time data for the St. Lawrence River Locks is presented

j
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in Tables 3 and 4. The distribution of locking times for lakers
and oceangoing vessels greater than 492 feet LOA downbound at
Snell Lock is shown in Figure 10. While this data sample is very
limited, it does provide a qualitative picture of the distri-
bution for oceangoing and laker traffic.

SOO Locks: Similar to the St. Lawrence River situation,
data on locking times at the Soo are not as complete and detailed
as that available for the Welland Canal. At the Soo, the only
locking time data collected are the times from when the bow
passes over the entrance sill until when the stern passes over
the exit sill. Data on entrance and exit times are not available.
In order to estimate these entrance and exit times, conversa-
tions were held with the lock operators to determine where the
clearing points were defined and what practical assumptions could
be made in order to obtain the data needed. Based on those dis-
cussions, it was decided to estimate the entrance and exit times
by assuming that the average speed of advance of vessels entering
the lock is approximately 1.0 mph and the average speed of
advance of vessels leaving the lock is approximately 2.0 mph.
Using this approach, along with locking data from the Sabin-
Davis Lock Model and gathered by Penn State at the Soo, the
locking time data presented in Tables 5 and 6 were derived.
The distribution of locking times for MacArthur class ships
(730 x 75) downbound through the MacArthur Lock, and Poe class
ships downbound through the Poe Lock are shown in Figures 11
through 13. As was the case for the St. Lawrence River, this
data sample is very limited but it does provide a qualitative
picture of the lockage time distribution for ships using the
Soo Locks.
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5. SUMMARY OF REPORTED PROBLEMS WITH EXISTING LOCK SYSTEMS

Interviews were conducted with fleet operators and lock
operators to identify any problems being experienced with the
present lock systems. This section of the report summarizes
the results of these interviews. This summary has been organized
by general source, categorized as:

* Great Lakes fleet operators

• Ocean fleet operators

Lock systems operators.

The specific source of each comment will be identified whenever
possible by organization rather than individuals. Individual
names are shown, however, on the interview sheets in Appendix A
of the fleet mix task report.

5.1 Comments from the Great Lakes Fleet Operators

Requirement for a Larger System

Fleet operators generally see a requirement for a larger
GL/SLS System, including both channels and locks. Fleet operators
point out that it would be desirable to be able to load to a
depth of 30 to 34 ft (I)*. Most modern vessels can load to a
depth of 29 ft now, but they are prevented from using a greater
draft because of the existing depths of the harbors and connecting
channels. In addition, ships cannot be built to the most effi-
cient dimensions for carrying capacity because of the size restric-
tions of the locks and channels (2). Operators generally would
like to see a system that has both wider and deeper channels (3).

All large fleet operators using the Soo Locks expressed
a need for a second Poe-sized lock. If the Poe Lock were closed
for any reason, a large percentage of the commodity carrying capa-
city of the fleet would be closed out of the system. Fleet opera-
tors also believe that the size of the Welland Canal should also
be increased to meet the demand for additional capacity in the
future (4).

* Numbers in parenthesis identify source of comment as listed in

Section 5.4 of the report.

5-1



Queuing at Locks

There is a problem with waiting for lock services. Fleet
operators report that many times there have been lines of 20 to
30 vessels waiting at the Soo (5). As vessel sizes increase,
the operators believe that waiting times will increase. Current-
ly most vessels going through the Soo have lengths in the range
of 620 to 770 ft. As vessel size continues to increase, waiting
times can be expected to increase because a greater percentage
of the vessels will be able to use the Poe Lock only.

There is a waiting time problem at the Welland Canal. Some
operators report that there may be delays of 5 days or more during
periods of heavy traffic or if the weather has been bad (6).
Operators report that the waiting times are particularly long
near the end of the season when a large number of salties are
coming into the system for one last trip (4). The salties do not
handle well in the locks and channels of the Welland Canal and
the St. Lawrence River and therefore take longer to lock through.
In addition, the salties are generally relatively small vessels
and go through the system at about 8 ft less than their desired
draft. As a result, the ocean going ships are orly carrying
about 8,000 to 12,000 tons of cargo, which results i a lessened
annual tonnage throughput.

Capacity of Lock Systems

Fleet operators believe that the capacity of the current
Welland Canal could be increased by about 40 to 45% by increasing
the load of the average ship transit (8). Currently the average
load per transit at the Welland Canal is about 12,000 tons, yet
a maximum sized laker designed for the system can carry 26,000
tons per transit. These operators believe that the tolls for the
Welland should be levied per lockage rather than per ton carried.
They believe that the current system favors the smaller, less
efficient carrier, since the actual cost of locking ships is
about the same regardless of ship size.

Problems with Winter Navigation

During extended season navigation fleet operators believe
that the Coast Guard should use their icebreakers to keep the
channels open and not just render assistance to vessels in dis-
tress (7). There are also improvements needed in system-wide ice
management. Ice booms are needed in some places, and additional
fixed aids to navigation are required to take the place of the
navigation buoys that must be removed at the end of the tra-
ditional navigation season.
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5.2 Comments of Ocean Fleet Operators

Requirement for a Larger System

International shipping operators generally cite the draft
restrictions as the principal problem with the size of the Seaway
system (8). Most of these ships are less than 550 ft long, but
they have to come into the Seaway at about 8 ft less than their
optimal draft, which results in a substantial reduction of their
carrying capacity.

Queuing Problems

International operators all cite the problem of obtaining
pilots as being the primary delay problem in the Welland Canal
and St. Lawrence River (9, 10). These operators say that the
wait for Canadian and American pilots creates delays and un-
necessary expenses. Heavy loads of one-way traffic during rush
seasons results in most of the pilots located at one end of the
system, and there is a delay in returning them to service addition-
al ships. International shippers also report lines of 15 to 20
ships at the Welland Canal during the peak operating periods (6).

5.3 Comments of Lock Operators

Soo Locks

Locking system problems identified by the operators at
the Soo Locks chiefly coocern late season operations in ice (11).

There is a problem with the slight angle that occurs on
the approach wall to the Poe Lock. Large vessels have trouble
turning to avoid the angle of this wall when heading downbound.
The problem becomes more severe in winter when ice accumulates
on the wall, leaving less clearance.

The hydraulically operated gates of the Poe Lock are not
designed to push the ice away. This presents some problems
during winter operations.

The Poe Locks are 110 ft wide and are designed to lock
vessels that are 100 ft wide but, in fact, lock vessels up to
105 ft wide. In heavy winter ice conditions, the clearance is,

j in the opinion of the operators, not adequate for the largest
ships. Locking wide ships during heavy ice conditions is also
expected to increase the need for lock wall maintenance.
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Welland Canal Locks

The Welland Canal has a capacity problem (12). Measures
that could be taken to increase system capacity are discussed in
detail elsewhere in this report. The problems with the system
involve single locks, sections of the channel that are restricted
to one-way traffic, and obtaining a more even flow of traffic
approaching the system. Basically, these are not problems with
the lock systems but rather alternatives that could be consid-
ered to increase the capacity of the system.

There is a problem in fueling ships at Port Colborne
which creates traffic control problems and delays. A more
efficient fueling facility would be expected to reduce these
delays.

St. Lawrence River Locks

The St. Lawrence River Locks are not capacity limited now
and are not expected to approach capacity for many years (13).
As a result, there are no special operational problems that
affect the efficiency of the system. Some maintenance problems
do occur, but these are being corrected with a regular annual
maintenance program. Some alternatives to increase capacity
have been considered. For example, a program to tow ships through
the locks instead of having them go through on their own power
has been considered. Installation of special flushing ports to
speed up the filling and emptying of the locks has also been
considered. At the present time, however, in the opinion of the
lock operators, there are no operational problems that affect the
locking capacity.
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6. ALTERNATIVES FOR INCREASING LOCK CAPACITY

6.1 Potential Capacity Expansion Alternatives

The objective of this subtask is to identify and evaluate
the possible capacity expansion measures which could be imple-
mented at the three sets of locks in the Great Lakes/St. Law-
rence Seaway System. Capacity expansion measures may be physical
improvements to the system, whether major construction or minor
modifications, or they may be changes in operating procedure.
In either case, the ultimate goal is to meet the projected cargo
demands without exceeding the capacities of the lock systems.
Capacity of a lock system may be defined in general terms as the
level of tonnage at which a small increase in tonnage will cause
large, unreasonable delays for ships using the locks.

The proposed capacity expansion measures for the Great
Lakes/St. Lawrence Seaway System can be divided into six cate-
gories by capacity expansion objectives. Each of these cate-
gories may encompass one or more methods of accomplishing the
general capacity expansion objective. The capacity expansion
measures, broken down by objective, are described below.

6.1.1 Reduce Time Per Lockage

Reduction of the time a ship takes to pass through a lock
would result in an increase in the number of lockages possible
over the shipping season. This would result in an increase in
the tonnage capacity of the lock. A lockage consists of a series
of steps, all taking time to perform. Reduction of the time
required for any of these steps would result in a reduction of
lockage time. Times might be reduced by changes in the lock
operating procedure, modification of the lock equipment, or
structural improvements to the lock and surrounding channels.

6.1.1.1 Assist Ship Into Lock

General Description: Physical assistance could be given
to a ship to move it into the lock rather than solely relying on
the ship's power. A ship under its own power must proceed into
a lock very slowly to minimize the chance of damaging the lock
or the ship. A ship with external assistance might be moved into
the lock faster with the same degree of safety.

Capacity Increase: Lock cycle time would be reduced
because the ship would be positioned in the lock faster. Ship
exit time might also be reduced.
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Methods of Implementation: Several types of assistance
systems could be utilized at locks. These are:

Shunter tugs - tug boats to accelerate the movement
of ships into and out of the locks

Mules - locomotivCs to tow ships into position
in the lock

Traveling Kevels - wheeled, movable mooring posts traveling
on rails to pull ships through the lock

Winches - cable assembly with powered winches to
pull ships through the lock.

General Effectiveness: The entry and exit time of each
ship utilizing the lock would be decreased with this alternative.
A direct benefit of additional lockages per season could be
expected.

6.1.1.2 Reduce Amount of Ship Maneuvering Required

General Description: Modifications to the lock approach
alignment system would allow a ship to align itself for entry
into the lock with less maneuvering. A ship could be readied for
entry into the lock immediately after completion of the prior
lockage.

Capacity Increase: The idle lock time, wasted while wait-
ing for a ship to maneuver into position, would be eliminated or
reduced.

Methods of Implementation: Several methods of aligning a
ship with the lock could be used. Appoach walls could be re-
aligned to form a "chute" to enter the lock. Wind and wave
deflectors could be installed to minimize drift. A ship align-
ment and mooring system with waiting areas as close to the locks
as possible could be installed in the approach channels. An
electronic guidance system could be installed to aid in alignment
of the ship.

General Effectiveness: The effectiveness of this alter-
native will vary with the conditions at the lock. Under unfavor-
able conditions, such as bad weather or poor visibility, signifi-
cant gains could be realized. Otherwise, significant benefits
will only be realized at locks which have poor approach and
waiting areas such as Welland #7 Lock and the Beauharnois Locks.
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6.1.1.3 Increase Ship Speed Entering Lock

General Description: A ship would be allowed to enter the
lock under its own power at a f~ster speed. More extensive safety
precautions, such as additional fenders and bumpers, must be
taken to reduce the chance of lock damage. Resistance to the
ship by the water which is displaced in the lock by the ship
will increase with higher speed. This resistance would act as
a safety barrier in addition to the fenders and bumpers.

Capacity Increase: The ship would enter the lock faster
and with better response on the controls. Small reductions of
lock cycle times would be gained.

Methods of Implementation: Safety measures to prevent
the ship from damaging the lock would include replaceable fenders,
energy absorbers, and rolling fenders.

General Effectiveness: Small gains in time would be
realized from this alternative. These gains would decrease with
increasing ship size, becoming minimal with the largest ships.
Fenders and energy absorbers are partially in use at the St.
Lawrence River and Soo Locks.

6.1.1.4 Decrease Lock Chambering Time

General Description: The time taken to raise or lower a
ship in a lock might be decreased by increasing the filling/dumping
rate of the lock. This time might also be decreased by improving
ship handling procedures.

Capc.-ity Increase: Reducing the filling/dumping time of
the lock would directly reduce the lock cycle time, increasing
lock capacity. Improving ship handling procedures during lockage
would minimize the chance for delay due to ship handling. Ship
exit times might also be reduced.

Methods of Implementation: Lock filling/dumping times
would be reduced by increasing culvert sizes, reducing valve
operating times, or installing self-cleaning trash racks to pre-
vent blockage of the water intakes. Ship handling times would
be reduced by installing floating bollards which would reduce the
demands on lock personnel to secure the ship. Longitudinal
hydraulic assistance might be given to ships exiting downstream
by using water from the upstream side of the lock to help accel-
erate the ships out of the lock.

I
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General Effectiveness: Decrease of lock filling/dumping
times would decrease the cycle time of each lockage regardless
of ship size. A corresponding increase in capacity would be
expected. The floating bollards and downstream hydraulic assis-
tance would be especially effective in reducing handling problems
of large ships. The effect on cycle times would yield a small
increase in capacity.

6.1.1.5 Remove Channel Restrictions

General Description: Channel restrictions such as
bridges or one-way channels could delay ships approaching
locks. The result could be idle time at a lock while waiting
for a ship to negotiate the restricted passage. This idle
time, which could have been used to lock a ship, would decrease
the lock capacity.

Capacity Increase: Elimination of channel restrictions
would ensure that no lock time will be wasted waiting for a ship
to negotiate the approach channel. The limits to capacity would
then be strictly the capacity of the lock. Elimination of channel
restrictions could allow an increase in the speed limit in the
restricted areas, decreasing the ship travel time.

Methods of Implementation: Channel restrictions could be
eliminated by dredging or straightening narrow, winding channels,
replacing bridges that have narrow spans with larger ones, etc.

General Effectiveness: Locations on the GL/SLS System
which have restricted channels would benefit from these improve-
ments. Lock capacities could be increased at the Welland and
St. Lawrence River Locks where channel restrictions cause wasted
time at the locks.

6.1.1.6 Improve Lock Operation Procedures

General Description: Improvement of the operating pro-
cedures for the locks would ensure that each lock is operated
efficiently and that no delays would be caused by operational
errors.

Capacity Increase: The effect that this alternative would
have on increasing lock capacity would be to prevent unexpected
delays due to poor lock operation or ship handling. It would
ensure that no unnecessary delays occur.
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Methods of Implementation: In order to ensure the most
efficient operation of the lock, the operating procedure should
be prominently displayed in the control room. Trouble indicators
and closed circuit television of the critical operations such as
are used at the Welland Lock would be implemented. An automated
control system would operate the lock equipment exactly according
to the operating procedure. Additional personnel at the lock
could increase the efficiency of ship handling, decreasing the
chambering time.

General Effectiveness: Under ideal conditions these
alternatives will provide little or no increase to lock capa-
city. However, if the lock is not operated by the designed pro-
cedure and inefficiencies exist, lock capacity could be increased.
This was evident on the Welland Canal where remote indicators,
televisions, and radio controls have increased lock capacity.

6.1.2 Increase Ship Capacity

The tonnage capacity of the GL/SLS System might be
increased to meet the projected cargo demand levels by increasing
the capacity of the ships operating on the system. Ship capacity
might be increased by increasing the ship's draft, size, or both.
Currently lock, channel, and harbor dimensions are the re-
straining factors on ship dimensions. Increases in the allowable
ship dimensions would require major lock modifications or replace-
ments. Some channel and harbor dredging would also be required.
An analysis of the work required was performed by the COE in the
"Maximum Ship Size Study".

6.1.2.1 Increased Allowable Ship Draft

General Description: With the existing high water levels,
ships operating on the Upper Great Lakes are restricted to
drafts of 27 ft while those operating through the St. Lawrence
River and Welland Canal are limited to 26 ft. At low water datum
ships are limited to 25.5 ft throughout. Many of these ships
have the capability of operating to drafts of 36 ft. Increase
of the allowable ship draft through the GL/SLS System would
increase the system capacity.

Capacity Increase: A small increase in allowable vessel
draft would significantly increase the tonnage hauled in each
ship. The tonnage capacity of the locks would be increased
without changing the total number of lockages.

Methods of Implementation: To allow an increase in ship
draft, the allowable draft in each lock would have to be increased.

6-5 "!-bad



Harbors and channels which these deeper draft ships would use
would have to be dredged.

General Effectiveness: The capacity of the GL/SLS System
would be significantly increased through an increase in allowable
ship draft. Ship cost per ton hauled would be decreased by an
increase in ship draft.

6.1.2.2 Increase Allowable Ship Size (Length/Width)

General Description: Capacity of the GL/SLS System would
be increased by allowing larger ships to operate through the
System. Ship size increases would be in length and beam dimen-
sions.

Capacity Increase: An increase in allowable ship beam
and length would cause a change in fleet mix to ships having
larger capacities. A greater amount of tonnage would be passed
per lockage in such ships.

Methods of Implementation: To allow larger ships through
the entire GL/SLS System, all of the St. Lawrence River and
Welland Canal Locks would have to be replaced. In addition, some
modification would be required to the Soo Locks, depending upon
the allowable maximum ship size. If larger ships are only re-
quired in the Upper Lakes, some modifications to the Soo Locks
such as lengthening the MacArthur Lock or combining the Sabin
and Davis into one lock might be sufficient. In all cases,
harbor and channel dredging would be required.

General Effectiveness: Lock capacity would be increased
by larger ships. The amount of tonnage passed with each lockage
would increase with larger ships. The maximum ship size for this
study would be such that capacity would not be reached until
after 2050.

6.1.2.3 Increase Allowable Ship Draft and Size

General Description: This alternative could be considered
as an optimization of Increase Allowable Ship Draft and Increase
Allowable Ship Size. The GL/SLS System would be optimized by
trading increased capacity and decreased shipping cost benefits
against system construction costs. The recommended system would
be the one that meets the projected 2050 cargo demand with the
highest benefit/cost ratio.
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Capacity Increase: Since the projected 2050 cargo demand
would be one of the design parameters for the optimized system,
capacity would not be reached before that time.

Methods of Implementation: All of the GL/SLS System
locks would have to be modified or replaced to pass the optimal
maximum size ship. Channels and harbors would have to be
dredged to meet ship draft, length, and beam.

General Effectiveness: An optimization of the GL/SLS
System to a maximum sized ship that will meet the projected
cargo demand would be the most effective alternative; however,
possibly also the most costly.

6.1.3 Increase Tonnage Per Lockage

System capacity could be increased by increasing the amount
of cargo passed through on each lockage. This reasoning was
implied in the previous section; however, in that case, major
lock renovations would be required. In this section, no struc-
tural modifications to the locks would be required. Capacity
would be increased by changes in operating policy.

6.1.3.1 Favor Larger Ships

General Description: Lockage of a smaller ship which does
not completely fill the lock wastes "lockage space" which a larger
ship could utilize to transport additional cargo. The largest
ship which would fit in a lock would optimize the cargo trans-
porting capacity of the lock.

Capacity Increase: Lock capacity would be increased by
giving preference to larger ships because the tonnage trans-
ported in each lockage would be increased.

Methods of Implementation: Lock operating procedures
could be modified to favor the use of ships which more completely
fill a lock. This would cause a change in fleet mix and new
ship construction towards larger ships. Two methods of influ-
encing this change would be to give larger ships priority at
the locks or to change Seaway tolls so that larger ships would
be charged at a lower rate per ton of cargo than smaller ships.

General Effectiveness: These measures of favoring a
larger ship will give an additional incentive to utilizing the
largest possible ships. Other factors may be involved such as
limitations in certain harbors which may lower this effect.I
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6.1.3.2 Favor Cargo Carrying Ships

General Description: Ships which do not carry cargo
occupy useful space in a lock or may require separate lockages
which could otherwise be used to transport cargo. Primarily
these are pleasure craft; however, large percentages of cargo
ships in ballast also limit capacity. A preference of cargo
carrying ships over non-cargo carrying ships could be implemented
to increase lock capacity. Cargo carriers in ballast would be
encouraged to take loaded backhauls.

Capacity Increase: Lockages which do not transport cargo
would be minimized and those extra lockages would be utilized
by cargo carrying ships.

Methods of Implementation: The effects of pleasure craft
on lock capacity could be minimized by providing separate
facilities to transit the pleasure craft, locking pleasure craft
only at set times of the day, or by giving pleasure craft low
priority while there are cargo ships waiting. Ships in ballast
might also be given low priority when loaded ships are waiting.

General Effectiveness: Pleasure craft take more time to
load into a lock and can waste lockages which could be used to
transport cargo. Reduction in these lockages would increase the
cargo transport capacity of the locks. This alternative does
not apply to the Soo Locks where separate facilities already exist.

6.1.3.3 Feeder/Transshipment

General Description: Oceangoing ships which operate
through the GL/SLS generally do not carry as much cargo as the
lake ships. This is due to the design of the ships and the fact
that the oceangoing ship cannot use much of its potential draft.
More tonnage is transported per lockage on the average with lake
ships. Ocean ships are also generally slower and harder to
maneuver, especially in the Welland Canal and St. Lawrence
River, taking more time to lock through. Exceptions are the
limited number of oceangoing vessels specifically designed for
GL/SLS service.

Capacity Increase: Reducing the number of oceangoing
ships in the GL/SLS fleet and replacing them with lake ships
would increase lock capacity by increasing the amount of cargo
transported per lockage and by increasing the possible number of
lockages. A general cargo lake ship feeder trade would develop
to transport the general cargo which is currently carried by
ocean shiDS.
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Methods of Implementation: Oceangoing ships would be
discouraged from entering the GL/SLS System by changing the tolls
to favor lake ships. The tolls would make it more economical for
the ocean ships to put in at Quebec City or Montreal where they
can use their deep draft design. Cargo would be transshipped
to and from these points by lake ships designed to operate
efficiently through the locks.

General Effectiveness: Complete elimination of ocean-
going ships could greatly increase the capacities of the Welland
Canal and St. Lawrence River Locks. The number of lockages per
season and the volume transported per lockage would both
increase.

6.1.3.4 N-Up/N-Down Policy

General Description: The locks currently operate on a
first come-first serve basis. Implementation of a l-up/l-down
policy would use the effort required to turnback a lock in order
to take a second ship in the same direction, to transport a ship
going in the opposite direction. However, if the sum of the
times for a turnback exit, a turnback, and a turnback entry is
less than that for an exchange exit and entry, an N-up/N-down
rule where N is greater than one could save time.

Capacity Increase: The l-up/!-down rule would eliminate
empty lockages required to turnback a lock. Each lockage would
contain a ship. The N-up/N-down rule, if applicable, would
reduce ship alignment and entry time into the lock.

Method of Implementation: No structural changes to the
lock systems would be required. Only a change in operating
procedure need be implemented.

General Effectiveness: It appears that, in general, the
l-up/l-down policy would increase capacity over a first come-
first serve operation when queues exist in both sides of the
lock. The direct benefit would be that a vessel would be
transported in every lockage. No lockages would be wasted.

6.1.4 Season Extension

The GL/SLS System is not utilized year-round. More ships
are required to transport cargo over a reduced season than would
be required to transport the same amount of cargo over a full
year season. Also, more lockages might take place over dn
extended season than over the limited season, even though winter
lockages take more time.
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General Description: Different lengths of season extension
could be implemented, algon with combinations of extensions in
the Upper Lakes and in Welland Canal and St. Lawrence River. The
demands for intra-lake and for overseas cargo would dictate the
optimal season length.

Capacity Increase: System capacity would be increased
because the cargo demand would be spread out over a longer
period of time. This would require the use of less ships at a
given time, while at the same time increasing the number of
ships that could travel through each lock during a season.

Method of Implementation: Ice control facilities would
be required at each lock to ensure lock operation during the
winter. Icebreakers would )e required to clear harbors and
channels and to assist ships when required.

General Effectiveness: Season extension has been given
much consideration over the past decade. It is considered to
be a viable capacity expansion measure, while at the same time
providing other benefits such as reducing the required stock-
piling of materials required for manufacturers who receive their
raw materials via the Lakes.

6.1.5 Construct Replicate Locks

One of the problems with the St. Lawrence River Locks and
five of the Welland Canal Locks is that there is no overall sys-
tem redundancy. Any major breakdown causing any one of those
locks to shut down would shut down the entire system. This is
also partially true at the Soo Locks, where shutdown of the
Poe Lock would immobilize all vessels limited to the Poe by size.

General Description: A total redundancy system consisting
of new locks operating in parallel to the existing locks would be
constructed. These locks could be the same size as the existing
locks, therefore requiring no modifications to harbors or
connecting channels.

Capacity Increase: Under normal conditions, the effect of
these replicate locks would be roughly to double the system capa-
city. It would be possible that two ships could be locked at the
same time. During periods when a lock must be shut down for
repair, ships would still be able to travel by means of the
other lock.
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Methods of Implementation: Constructing parallel locks
would be a major construction project, at least equal to that
of building the original locks.

General Effectiveness: Replicate locks would have the
effect of almost doubling the system capacity. It would
alleviate the problem of system blockage while a lock is out
of service. It would allow for locks to be brought off-line for
scheduled preventive maintenance, prolonging the life of the
locks and reducing costly emergency maintenance.

6.1.6 Other Alternatives

The following expansion alternatives could be considered
to be radical changes to GL/SLS System operations. These are not
proven alternatives and technology may not as yet have been
developed which could allow these alternatives to be implemented
in a cost effective manner. They must, however, be considered
in long range system planning.

6.1.6.1 Traffic Control System

General Description: In its most complex form, this
alternative would be analogous to air traffic control systems.
The control system would plan GL/SLS System operation to control
the arrival of each ship at the locks. However, the most practi-
cal form would be three individual systems at each of the three
lock sets.

Capacity Increase: The proposed control system would
even out the traffic flow through the locks. Ship arrivals at
locks would be scheduled in order to minimize waiting times due
to random arrivals and ship approach times would be aecreased.

Methods of Implementation: Each lock system would be
controlled by a computer control center. The computer would
know the locations, capacities, etc. of all ships near the locks,
weather conditions, and other system parameters. The computer
would optimize lock use, determining ship speeds, lock arrival
times, and locking priorities. Ships would be relayed this
information by radio controllers with duties similar to air
traffic controllers.

General Effectiveness: Some capacity increase would be
gained through a reduction of waiting times and approach times
at the locks. In addition, congestion at bottleneck passages
would be reduced and safety would be increased.
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6.2 Preliminary Screening of Capacity Alternatives

Table 7 summarizes the capacity expansion measures which
were described in the preceding section. The operation para-
meter(s) of the Lock Capacity Model that would be affected by
each expansion alternative are given. Qualitative estimates of
the effects of each alternative on increasing capacity, and of
the cost of the alternative are listed. Lastly, the decision
of whether or not to further pursue the alternative in this
study is made. Reasons for alternative elimination in this
preliminary screening are given.

6.3 Estimated Capacity Improvements

The following paragraphs give the estimated changes in
the operating parameters affected by each of the proposed capa-
city expansion alternatives. Since available data for capacity
expansion is scarce, ranges have been estimated for each alter-
native. These ranges represent a quantitative, best engineering
judgement on the effect of each alternative.

Table 8 summarizes the capacity increase information given
in the following paragraphs. This information is tabulated in
a form that may be incorporated into the system capacity model
being prepared for use in the study of system capacity. This
will allow determination of the system improvements required to
meet the projected cargo demand through the year 2050.

6.3.1 Reduce Time Per Lockage

6.3.1.1 Assist Ship Into Lock

Shunter Tugs and Mules: SLSA estimates capacity increases
up to 10% at the Welland Canal. It is assumed that similar
increases could be realized at the St. Lawrence River and Soo
Locks. The estimated decrease in locking time is therefore
estimated to be 5 to 10% at the Soo, 5 to 10% at the Welland,
and 5 to 10% at the St. Lawrence River Locks.

Traveling Kevels and Winches: Ship speed entering the
lock would increase; however, time for hook-up would negate some
of the gains. The estimated gain in entry speed is 0.5 to 1.5
mph. The estimated decrease in locking time for all locks is
5 to 10%.
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6.3.1.2 Reduce Amount of Ship Maneuvering Required

Re-Align Approach Walls and Ship Alignment System: The
time for ship positioning to gain entry to the lock will be
decreased at locks which do not have adequate approach walls.
Only small improvements could be made at the St. Lawrence River
Locks. The Soo Locks do not require approach wall modification;
however, the alignment system could decrease lock time. The
estimated decrease in locking time is 0 to 4% at the Welland
Canal, 0 to 1% at the Soo, and 0 to 2% at the St. Lawrence
River.

Wind and Wave Deflectors: Small reductions in lock entry
time will be realized. Total lock operating time will be
increased because locks will not be shut down due to wind con-
ditions. The estimated decrease in locking time for all locks
is 0 to 2%. The estimated increase in available operating time
for all locks is 0 to 2%.

6.3.1.3 Increase Ship Speed Entering Lock

Lock entry time would be decreased due to a small in-
crease in entry speed with the proposed improvements, improving
lock safety. A partial safety system is currently in place at
the Soo and at the St. Lawrence River Locks. The estimated
decrease in locking time is 0 to 5% at the Soo and St. Lawrence
River and 0 to 10% at the Welland.

6.3.1.4 Decrease Lock Chambering Time

Reduce Dump/Fill Times: Dump/fill times could be reduced
1 to 2 minutes on each lock, with larger gains realized at the
Welland Canal Locks. The estimated decrease in locking time
for the Soo and St. Lawrence River is 0 to 2% and at the Welland
Canal, decreases of 0 to 5% could be obtained.

Downstream Longitudinal Assistance: A small reduction
in exit times due to an increase of approximately 1 mph in
exit speed would be realized on downstream bound ships. The
estimated decrease in locking time for the Welland Canal Locks
is 0 to 5% and for the Soo and St. Lawrence River Locks is 1 to
10%.

6.3.1.5 Remove Channel Restrictions

The Welland Canal would benefit most from reducing channel
restrictions. Smaller improvements could be realized at the
St. Lawrence River and even smaller improvements at the Soo.

6-17

-M



The estimated increase in available operating time is 1 to 3%
for the Soo, 2 to 6% for the Welland, and 1 to 5% for the St.
Lawrence River.

6.3.1.6 Improve Operating Procedure

Minor gains would be realized at all locks due to more
efficient operation. The estimated decrease in locking time
for all locks is 1 to 2%.

6.3.2 Increase Ship Capacity

The tonnage of cargo transported per lockage would increase
with larger and deeper draft ships; however, locking times will
also increase. The net gain in system capacity must be determined
using both the larger ship capacities and higher locking times.

Larger allowable ship sizes will change the fleet mix
used by the capacity model to meet cargo projections. Figure
12 illustrated the increases in locking time that could be
expected for larger ships based on cargo deadweight. This
graph was obtained using available locking time data for the
Soo Locks. The curve was fit using a linear regression technique.
Larger ship sizes were extrapolated from this curve.

A theoretical system capacity for a given ship size can
be determined by dividing the ship cargo capacity by locking
time, and converting to a season basis. Actual system capacity
will be less because not all ships will be of maximum size or
will be fully loaded, and operating deficiencies do exist in
the system.

6.3.3 Increase Tonnage Per Lockage

6.3.3.1 Favor Larger Ships

Capacity increase will be accomplished by changes in the
fleet mix to more ships of maximum size. The effect on capacity
will be determined by exercising the capacity model. The maximum
tonnage per ship for each lock is approximately 59,000 tons at
the Soo and 26,000 tons at the Welland Canal and St. Lawrence
River.

6.3.3.2 Favor Cargo Carrying Ships

Eliminate Pleasure Craft: Spread over a season, pleasure
craft probably cost shipping approximately 1 to 2 lockages per
day at the St. Lawrence River and Welland Canal Locks.
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Non-commercial traffic normally does not interfere at the Soo
Locks where a separate facility is provided.

Minimize Empty Backhauls: Empty backhauls are a function
of the cargo projections as they are distributed between upbound
and downbound flows. If there is not enough cargo moving along
the backhaul route, ships will come back in ballast. Fleet mix
will be determined by the capacity model so as to fully utilize
as much backhaul capacity as possible.

6.3.3.3 Feeder/Transshipment: Fleet mix will be altered
to reduce the number of ocean ships moving through the lakes.
The average tonnage hauled through the Welland Canal in 1979 was
12,000 tons, while for Lake ships alone it was 15,400 tons.
The maximum Lake ship capacity is 26,000 tons through these
locks.

6.3.4 Season Extension

The length of the operating season and winter vessel and
lock operating procedures will be changed. Operating season
may be extended up to full-year operation. Locking times will
increase during extended season operations and there will be
delays as ice may have to be locked through before a ship may
enter the lock. Estimated season lengths for all locks are 8.5
to 12 months. The additional locking time for all locks is
estimated to be 0 to 10 min.

6.3.5 Replicate Locks

By constructing replicate locks, the available operating
time for lockages in the St. Lawrence River where no redundancy
exists, and the Welland Canal where only partial redundancy
exists, will be doubled. Installation of another lock, the size
of the Poe, at the Soo Locks will double the capacity for handling
1,000 ft ships. The estimated increase in available operating
time is 65 to 100% at the Soo, and 100 to 125, at the Welland
Canal and St. Lawrence River.

6.3.6 Other

Traffic Control System: Available operating time will
increase because weather delays and traffic shutdowns would be
reduced. Locking times will be reduced due to reduced approach
times. The estimated decrease in locking time is 1 to 8% at the
Soo and St. Lawrence River, and 1 to 5Q; at the Welland Canal.
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6.4 Estimated Cost of Capacity Improvement

Table 9 gives the estimated cost of each of the proposed
capacity expansion measures. Detailed cost information is not
available for most of the proposed alternatives. The costs given
in this study are rough, order-of-magnitude comparative figures
only. However, considering the uncertainties involved in pro-
jecting cargo demand and system use criteria through the year
2050, this cost data is judged adequate for this analysis.
All expansion alternative costs given in Table 9 are expressed
in 1981 dollars.

The estimated capacity improvement costs are the capital
costs required to implement each of the proposed capital improve-
ments. They do not include operation and maintenance costs,
nor do they include costs to system users such as increased tolls.
No contingency or engineering overhead costs have been added.

6.5 Summary of Capacity Expansion Measures

The potential structural and non-structural capacity
expansion alternatives which were developed in this task will
be input into the GL/SLS System capacity model in Task 8. The
model inputs will consist of the six general capacity expansion
objective categories discussed previously. Several options exist
for each capacity expansion objective, comprised of one or more
specific capacity improvement measures. These options will be
tested in the model to develop approximately twenty capacity
improvement scenarios that will increase the GL/SLS System capa-
city to meet the projected cargo demands through the year 2050.

Each of the general capacity expansion objectives has
been described in detail, along with the specific means of
achieving these objectives. To summarize from these preceding
sections, the general capacity expansion objectives to be used
to develop the improvement scenarios are as follows:

* Reduce Time Per Lockage: Operational and minor
structural improvements would be made to increase
the number of lockages possible per season.

i Increase Ship Capacity: Major structural improve-
ments to locks, harbors, and channels would be
made to allow the use of larger ships thereby in-
creasing overall system capacity.
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TABLE 9 ESTIMATED CAPITAL COST OF CAPACITY IMPROVEMENT
(Million $; 1981 Costs)

EXPANSION ALTERNATIVE SOo WELLAND SLR

6.1.1 Reduce Time Per Lockage
Assist Ship Into Lock

Shunters or Mules 125 200 175
Traveling Kevels 12 17 15
Winches 3 5 4

Reduce Maneuvering
Approach Walls 19 34 29
Wind & Wave Deflectors 2 4 4

Increase Ship Speed 2 4 3

Decrease Chambering Time
Reduce Dump/Fill Time 36 90 74
Downstream Longitudinal Assistance 5 8 7

Improve Channel 55 110 250

Improve Operating Procedures 1 1 1

6.1.2 Increase Maximum Ship Size Use the results of the "Maxi-
mum Ship Size Study" update
in Task 5

6.1.3 Increase Tons Per Lockage
Favor Larger Ship 0 0 0

Favor Cargo Carrying Ship
Alternate Pleasure Craft Lockages - 0-80 0-80
Reduce Empty Backhauls 0 0 0

Feeder/Transshipment 0 0 0

6.1.4 Season Extension
Proposal 1: Superior, Huron & Michigan - year round; St. Clair

and Erie - 10 mo; Welland, Ontario & SLR - 8.5 mo.
Investment Cost = 240.

Proposal 2: Superior, Huron & Michigan - year round; St. Clair
and Erie - 10 mo; Welland, Ontario & SLR - 9 mo.
Investment Cost = 271.

Proposal 3: Superior, Huron, Michigan, St. Clair & Erie - year
round; Welland, Ontario & SLR - 9 mo; Investment
Cost = 425.

Proposal 4: Superior, Huron, Michigan, St. Clair & Erie - year
round; Welland, Ontario & SLR 9.5 mo. Invest-
ment Cost = 431.
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TABLE 9 ESTIMATED CAPITAL COST OF CAPACITY IMPROVEMENT (CONTINUED)
(Million $; 1981 Costs)

EXPANSION ALTERNATIVE SOo WELLAND SLR

Proposal 5: Superior, Huron, Michigan, St. Clair & Erie - year
round; Welland, Ontario & SLR - 10 mo. Invest-
ment Cost = 451.

Proposal 6: Superior, Huron, Michigan, St. Clair & Erie - year
round; Welland, Ontario & SLR - 11 mo. Invest-
ment Cost = 501.

6.1.5 Replicate Locks 96 473 520

6.1.6 Other
Traffic Control System 1 1 2
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* Increase Tonnage Per Lockage: The operational pro-
cedures of the locks or the system tolls would be
changed to encourage maximum use of the cargo
transporting capability of each lockage.

* Season Extension: Structural and operational mod-
ifications would be made to allow a longer shipping
season.

Construct Replicate Locks: Major structural
improvements would be made to increase the
effective lock availability time and thereby
increase the number of lockages possible per
season.

• Other Alternatives: There are potential capa-
city improvement alternatives which have not been
fully developed but which must be considered in
long range planning. These alternatives can be
either structural or non-structural improvements.
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